Series of novel non-ionic Gemini surfactant was prepared in two steps. Initially diethanolamine was converted into amide by using fatty acids viz. lauric acid, palmitic acid, myristic acid and stearic acid and corresponding prepared amide reacted with 1,6-dibromohexane to form the non-ionic Gemini surfactants. The formation of the targeted molecule was monitored and confirmed using FTIR, 1 H-NMR and 13 C-NMR spectroscopy. The effect of alkyl chain length of synthesized surfactants on the basic characteristics such as surface tension, foaming, emulsifying capability, lime soap dispersing power and wetting were studied. These new surfactants were investigated for their anticorrosion and biological properties. They have capacity to reduce surface tension of water from 71.8 to 25.44 mN m −1 . All the Gemini surfactants possessed good antimicrobial activity against gram positive Bacteria Bacillis subtilis and Staphylococcus aureus. The N,N-bis(hydroxyethyl)octadecanamide based Gemini surfactant have 94.11% corrosion inhibition efficiency against carbon steel. They have low biodegradability.
surfactant because they are compatible with cationic, anionic and amphoteric surfactants and soluble in water and large number of organic solvents e.g. methanol, ethanol, acetone, ethyl methyl ketone [1] . Many of them are used in the industry due to their properties such as good emulsification and dispersion [2] . Fatty acid amides are the amphiphiles generally prepared from of fatty acids and amines. They are nonionic surfactants of economical important [3] . The fatty acid amides are an essential ingredient of several formulations such as lubricants, dye, corrosion inhibitors, dispersants, antifoaming agents, detergents, shampoos, antimicrobial agents, antistatic agents, anticorrosion agent and pulping aids [4, 5] . They are used in these applications because of their emollient, lubricating properties, ability to stabilize emulsions and low reactivity [6] .
Gemini surfactants are class of compounds which gain considerable interest in both academic and industrial research laboratories [7] . They have low critical micelle concentration (CMC), high efficiency of reducing the surface tension of water, very good rheological properties and remarkable micellar shape [8, 9] . Thus, more attention has been given to synthesis and development of novel Gemini surfactants for improving efficiency of surfactants, preserving the environment and saving resources. Due to this high surface activity, they are considered as new generation of surfactant [10] . According to these encouraging results and as a continuation of our interest works on gemini surfactant from renewable sources like fatty acid, 1,2,4-triazole, monoethanolamine, triethylenetetramine, diethylenetriamine [11] [12] [13] [14] . We wish to report herein the synthesis of new Gemini surfactant from fatty acid and diethanoalamine in the hope of obtaining compounds of diverse surface activities. To the best of our knowledge, previous investigation of synthesis of Gemini surfactant from diethanolamine is very small [15] . A facile method has been attempted by incorporating fatty acid and diethanolamine with 1,6-dibromohexane. The prepared non-ionic Gemini surfactants were characterized; surface active properties, biological and anticorrosion behaviour have been studied in details.
Experimental Procedures

Materials
Lauric acid (99%), myristic acid (99%), diethanolamine (98%), ethanol, palmitic acid (99%), stearic acid (98%) were purchased from S. D. fine chemicals, Mumbai, India. The paraffin oil, sodium stearate, silica gel plates, hexane, ethyl acetate were purchased from Merck Specialties Pvt. Ltd. Mumbai, India. The 1,6-dibromohexane was purchased from sigma Aldrich.
Experimental Section
Step 1: Synthesis of N,N-bis(hydroxyethyl)alkanamide from fatty acids and diethanolamine Reaction between diethanolamine and fatty acids (lauric acid, Palmitic acid, myristic acid, stearic acid) at a fix molar ratio of 1:1.1 were performed in solvent free system. These reactions were carried out in three necked rounded bottom flask under N 2 atmosphere. The reaction mixture was heated to 70 °C for half an hour and temperature was raised to 140 °C. The reaction mixture stirred at 200 rpm by motor stirrer. The reaction was completed after 12 h. Fatty diethanolamide was washed with acetone to separate amide from the excess substrate [16, 17] . The progress of reaction was monitor by determining acid value at the time interval of 1 h till get constant reading. Percentage yield of products were obtained in the range from 91 to 96%.
Step 2: Synthesis of Gemini surfactant by using N,N bis(hydroxyethyl)alkanamide and 1,6-dibromohexane as spacer.
The reaction flask 250 mL was equipped with a mechanical stirrer, thermometer and condenser. The N,Nbis(hydroxyethyl)alkanamide, ethanol as solvent and potassium hydroxide (0.5% KOH) as catalyst were taken in reaction flask. The reaction mixture was stirred for 30 min at 80 °C. Then 1,6-dibromohexane was added dropwise for half an hour. The reaction mixture was stirred for 48 h at same temperature. The mole ratio of N,N bis(hydroxyethyl) alkanamide and 1,6-dibromohexane was 2:1, respectively [18] [19] [20] . The TLC technique was used to monitor the progress of reaction with hexane ethyl acetate (97:3) selected as mobile phase and silica gel coated (0.25 mm thick) plates regarded as stationary phase. The spot was visualized in iodine chamber [21] . After evaporation of solvent the waxy products was obtained. The product washed with methanol. Percentage yield obtained in the range from 69 to 72%. Synthesis of targeted Gemini surfactants as shown in Fig. 1 . List of the synthesized surfactants with molecular mass are shown in Table 1 .
Evaluation of Surface-Active Properties of Synthesized Surfactants
Surface Tension
Surface tension of aqueous solution of surfactants at different concentration was determined by Wilhelmy plate technique using kruss K12 Tensiometer at room temperature (30 °C). Tensiometer was calibrated using doubly distilled water [22] .
Foaming Power and Stability
Aqueous solution of surfactants at different concentration were prepared. 200 mL aqueous solution was shaken in 1000 mL graduated cylinder with a glass stopper at room temperature (32 °C). The cylinder was turned upside down a total of 30 times at a rate of 1 turn per 2 s. The foam volume was measured immediately and after 5 min time interval [22] .
Emulsification Stability
Emulsifying power of the aqueous solutions of surfactants was determined at room temperature (31 °C) by using cyclohexane, coconut oil, palm oil, sunflower oil and liquid paraffin. The 20 mL 0.1% (w/v) aqueous solution of the surfactants was separately taken in a 100 mL stoppered graduated measuring cylinder. The 20 mL of cyclohexane, coconut oil, palm oil, sunflower oil and liquid paraffin was poured into the measuring cylinder. The cylinder was moved upside down at a rate of five turns per 1 min for a total of five times. Then the cylinders were left to stand. Time required to separate 19 mL aqueous solution was recorded [23] .
Wetting Power
Canvas Disc Meth9od was used for measuring wetting ability of prepared surfactants solution in distilled water [24] .
Lime Soap Dispersion Power
The dispersion power of synthesized surfactants was determined by lime soap dispersion test [25] .
Biodegradability
Biodegradability of synthesized surfactants was evaluated by surface tension measurements (die-away test) [26, 27] . Biodegradation percent (D) for each sample was calculated using Eq. (1):
where t = surface tension at time t, 0 = surface tension at time 0 (initial surface tension), bt = surface Tension of blank sample at time t.
Antimicrobial Activity
The antimicrobial activity of synthesized Gemini surfactants was determined using the agar diffusion technique in DMSO as a solvent at the Microbiology (1) Biodegradation percent(D) = t − 0 bt − 0 × 100
Corrosion Measurement
A weight-loss technique was used to measure the inhibiting efficiency of the prepared surfactants for corrosion of carbon steel in 0.5 M H 2 SO 4 aqueous solutions at 30 °C for 24 h [29] . The Corrosion measurement test was performed on rectangular specimen of carbon steel with dimensions 1.0 cm × 1.0 cm 0.07 cm of the following composition: 0.47% C, 0.08% Si, 0.27% O, 0.09% Mg, 98.75% Fe, 0.20% N, 0.09% Na, 0.05 Ca.
Fourier Transform Infrared (FTIR) Spectroscopy
The FTIR spectra were obtained using a SHIMADZU FTIR 8400 system. The samples were spread over KBr pellets and their spectra were recorded in the range of 4000-400 cm −1 .
Nuclear Magnetic Resonance (NMR) Spectroscopy
The 1 HNMR and 13 C-NMR spectra of synthesized compounds were recorded on Bruker advanced 400 MHz NMR spectrophotometer in DMSO as the solvent. The tetramethylsilane (TMS) was used as an internal reference and chemical shifts expressed as δ (ppm). 
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Physicochemical Properties
Surface Activity
The surface tension (γ) versus concentration (on log scale) curve as shown in Fig. 3 revealed that the surface tension decreased linearly with increasing logarithm of concentration and then became constant. The break point observed for the compounds correspond to the CMC. The critical micelle concentration and surface tension at CMC (ϒ CMC ) for all the surfactant determined were obtained from the curves; the data are presented in It appeared that the CMC and surface tension of synthesized surfactants are much lower. The experimental data showed that with increase in alkyl chain length from C 12 to C 18 , CMC and surface tension increases. The increase in the surface tension for series of surfactant with increasing hydrophobic alkyl chain length can be explained on the basis of CMC/C20 ratio. The affinity of particular surfactant to reduce the surface tension of solvent depend upon CMC/C20 ratio, greater the observed value greater is the tendency of the amphiphiles to reduce the surface tension of the system [30] . Thus, synthesized surfactant GSLADH has maximum ability while GSSADH has minimum ability to reduce the surface tension of aqueous system. The CMC of all the synthesized non-ionic Gemini surfactants are found 100 times lower than conventional anionic surfactant derived from Diethanolamine [31] . Effectiveness of surfactant (π CMC ) is defined as reduction in surface tension at CMC. It is equal to the surface tension measured for pure water (ϒ o ) minus surface tension at the CMC (ϒ CMC ). The surface tension value (ϒ CMC ) for GSLADH, GSMADH, GSPADH and GSSADH were 25.448, 26.021, 28.632 and 29.564 mN m −1 and concentration (CMC) were 0.0419, 0.05822, 0.1123 and 0.1555 mMol L −1 respectively at 30 °C. Surface tension value was obtained at high concentration as alkyl chain increases. The lowering of surface tension for a given CMC is the characteristics of most effective surfactant. From Table 2 it appeared that Gemini surfactant GSLADH (48.352 mN m −1 ) is most effective surfactant in series of synthesized surfactants.
The surfactant efficiency can be characterized by value of logarithm of the surfactant concentration C 20 at which surface tension of water is reduced by 20 mN m −1 . The P C 20 (− log C) value measures the efficiency of adsorption of the surfactant at the air/water interface. C 20 value of GSLADH, GSMADH, GSPADH and GSSADH was 0.0112, 0.0156, 0.0301 and 0.0419 mMol L −1 , respectively. For higher surfactant efficiency, the C 20 should be lower. As the carbon atom in alkyl chain length increases, the efficiency of adsorption ( P C 20 ) at the air/water interface decreases. From Table 2 , it is observed that the chain length of the hydrophobic alkyl group remarkable affected the efficiency of adsorption.
The minimum surface area per molecule (A min ) gives the information about the packing degree of surfactant molecule adsorbed at the air/water interface [32] . The values of A min of the novel Gemini surfactant GSLADH, GSMADH, GSPADH and GSSADH are 110.31, 94.891, 87.013 and 77.93 nm 2 , respectively as shown in Table 2 . The A min values decrease with increasing alkyl chain length. The surface excess (Г max ) is defined as the amount of surfactant adsorption at the air/water interface. The greater value of Г max suggested that denser arrangement of surfactant molecule at interface. The free energy of adsorption (∆G) ads represents the free energy of transfer of 1 mol of surfactant in solution to the surface. The negative values of change in Gibbs free energy of adsorption (∆G) ads suggested that there is adsorption of surfactants molecule of at the air/water interface. The free energy of micellization (∆G) mic represents the work done to transfer the surfactant molecules from the monomeric form at the surface to the micellar phase [33] .
The negative value of change in Gibbs free energy of micellization (∆G) mic suggested that there is formation of micelle in solution [34] . The (∆G) mic and (∆G) ads values of surfactants are represented in Table 2 . From this it is concluded that the driving force of adsorption or micellization obtained from the hydrophobic tail as hydrophilic part same in all synthesized surfactants [35] .
Performance Properties
Emulsifying Ability
Emulsions are used as a basis for wide variety materials in the industries such as food pharmaceutical, cosmetic, agrochemicals, petrochemicals and explosives [36] . An emulsion is a mixture of two phases, usually water and oil, that are normally immiscible. In an emulsion, a liquid is dispersed into droplets and other liquid is stabilized with an emulsifier [37] . Results of the emulsifying abilities of the surfactants at room temperature (31 °C) for the systems of cyclohexane/water, coconut oil/ water, palm oil/water and liquid paraffin/water are listed in Table 3 . From this table, it is observed that relative segregation time for GSSADH is best among the four surfactants and time required for separation was more than 53 min except for cyclohexane/water system which has stratification time 29 min. The emulsifying ability of GSPADH is good for coconuts oil/water system. Diethanolamide (DEA) monomeric surfactant obtained from rice bran protein has emulsifying power 82 min at conc. 0.5% (W/V) for liquid paraffin/water which is higher emulsifying power than all synthesized Gemini surfactants [38] . But amount of DEA required is higher than synthesized surfactants.
Wetting Performance
Wetting power is the relationship between surface tension of a liquid solid system and the degree to which the liquid wets the solid. The value of wetting power of surfactants are determined at 32 °C and listed in Table 4 . Wetting power of surfactant depends on the time required to submerge the canvas disk in the surfactant solution. The variation of wetting time with surfactants concentration is shown in Fig. 4 . The wetting powers of these four synthesized Gemini surfactants follow the order: GSLADH > GSMLADH > GSPLADH > GSSADH. The alkyl chain length of the surfactants influences the wetting power. The wetting ability of the GSLADH was better than that other synthesized Gemini surfactant. Since com- pounds with short wetting time have good detergency hence GSLADH is better detergent [39] . Diethanolamine based monomeric anionic surfactants have low wetting power than corresponding dimeric surfactants derived from Diethanol-amine [40] . Diethanolamide (DEA) monomeric surfactant has wetting times 72 s at conc. 0.5% (W/V) which is higher wetting times than all synthesized Gemini surfactants [38] . This means that synthesized surfactant has good wetting property than diethanolamide (DEA) monomeric surfactant obtained from rice bran protein.
Foaming Power and Stability
The surfactants have ability for the formation of foam in aqueous solution. The results of the foaming power and foaming stability of prepared surfactants are listed in Table 5 . The foaming power and stability of all prepared Gemini surfactant was good. But, all the compounds showed decrease in foam height after 5 min. The obtained result showed that foam stability becomes stronger by increasing alkyl chain length from 12 to 18. The foaming power and stability of GSLADH is higher among the four synthesized Gemini surfactants. With increasing the hydrocarbon chain length, foaming power decreases. The minimum amount of work necessary to produce foam is ∆A.ϒ [41] . This equation said that foaming power of surfactants is depend upon surface tension and change in the area of gas liquid interface. Variations of foaming power and stability with concentrations for synthesized compounds are shown in Fig. 5 .
Dispersing Capability
Dispersion capability of 0.25% (w/v) aqueous surfactant solution was determined by using 0.5% (w/v) aqueous solution of sodium stearate. Surfactants disperse the agglomerative solid particles. This capacity of surfactant is called dispersion power. Dispersion power is measured in terms of its lime-soap dispersion ability (LSDR %). The results of LSDR % synthesized Gemini surfactants of GSLADH, GSMADH, GSPADH and GSSADH are listed in Table 6 . If lesser the LSDR %, better is the dispersibility [25] . Dispersion ability of surfactants depends upon length of alkyl chain. If smaller the alkyl chain length then dispersion power is better [42] . Dispersing capability of all the synthesized Gemini surfactants are found more than the anionic Gemini surfactant prepared by Zhang et al. from diethanolamide [40] . GSLADH  GSMADH  GSPADH  GSSADH  GSLADH  GSMADH  GSPADH  GSSADH   0.1  58  51  46  43  48  44  41  39  0.2  89  79  72  66  77  68  64  61  0.3  133  124  119  108  117  111  109 
Biological Properties
Biodegradability
Biodegradability is the ability of substances to be broken down into their basic components by microorganism such as bacteria, fungi, yeast. Now a day, biodegradability of surfactants and the treatment of sewage is a major concern for the industries [43] . Bacteria, fungi, yeast are a natural component of lakes, rivers and streams which decompose the organic matter. The trend of degradation of surfactants in river water was determined by surface tension measurements and results are given in Table 6 . Since all the prepared surfactants contain same hydrophilic group, hence, hydrophobic chain length is only factor that affecting biodegradability. The Gemini surfactant GSLADH has the highest biodegradability. The biodegradability of GSMADH, GSPADH, GSSADH are little slower than GSLADH and after 28 day, they degraded 53.02-56.81%. There is a direct relationship between the rate of biodegradation and attached alkyl chain length. As the alkyl chain length increases, the rate of biodegradation decreases.
Antimicrobial Activity
According to green chemistry "Synthetic method should be designed to use and generate substances that possess little or no toxicity to human health and environment [44] ". The synthesized surfactants displayed antimicrobial activity against tested microorganism with the diameters of zone inhibition ranging between 7.89 and 12.63 mm. Tables 7 summarize the results of the diffusion agar technique. All the tested surfactants showed biological activity against Gm+ve bacteria Bacillis subtilis and Staphylococcus aureus, but they were inactive towards Gm−ve bacteria Pseudomonas aeruginosa and Escherichia coli. The Gemini surfactant GSLADH possessed the highest antibacterial activity. Diethanolamide surfactant from C. lanatus oil has better antimicrobial activity than series of synthesized Gemini surfactant [45] . The outer membrane of gram-positive bacteria is more permeable to the amphiphilic compounds and they have sensitive toward all tested compounds. Antimicrobial activity depends on the hydrophobic chain length, surface active properties and concentration of surfactants [46, 47] . From Table 6 it is concluded that surfactants with 18 carbons in the alkyl tail are less active than those of surfactants with 12 carbon atoms. As the alkyl chain length of synthesized compounds increases, the antibacterial activity decreases. It may be due to large increase in lipophilicity of the molecules resulting from the presence of hydrophobic chain which leads to take more time for crossing the cell membrane hence activity decreases.
Application as Anticorrosion Agents
Synthesized Gemini surfactants were investigated for their adsorption characteristics and inhibition of mild steel corrosion in 0.5 M H 2 SO 4 medium by weight-loss method. Organic inhibitors generally have heteroatoms. The atoms O, N, and S have higher basicity and electron density and thus act as corrosion inhibitor. Due to adsorption of these compounds on the metallic surface, it blocks the active corrosion sites with high efficiency [48] .
The values of corrosion rates (K) and percentage inhibition efficiency (η w %) were calculated from Eqs. (2) and (3) [49]:
where W is the average weight loss of three parallel carbon steel specimen, S is the surface area of the specimen and t is 25 19 the immersion period, K° and K are the values of the corrosion rate without and with addition of inhibitor, respectively. The values of surface coverage (θ) were calculated according to the following equation:
The calculated values of K, the η w %, and θ at different concentration of the synthesized surfactants in 0.5 M H 2 SO 4 at 30 °C are represented in Table 8 .
The K decreased, whereas η w % and the surface coverage values (h) increased with the surfactant concentrations,
reaching to maximum η w % of 90.58-94.11% at concentration 0.1% after 24 h of immersion. It may be due to the surfactant molecules adsorption on the metal surface [50] . The maximum decrease in the K was observed for inhibitor GSLADH with the η w % descending in the following order: GSLADH > GSMADH > GSPADH > GSSADH. The inhibition efficiency increases with decreasing the number of repeated methylene group in the hydrophobic chain.
The inhibition efficiency was found to depend on the concentration of the surfactants. Variation of inhibition efficiency with concentration as shown in Fig. 5 . The corrosion inhibition efficiency of synthesized Gemini [14] surfactants is compared with previously different type of Gemini surfactant listed in Table 9 . When Tables 8 and 9 is examined, it can be seen that at studied concentrations, inhibitory actions of compounds GSLADH (94.11%), GSLDIE (94.08%), GSMMDO (94.92%) and GSMPDO (95.55%) are close to each other. Furthermore, compound GSLTDH (89.78%), GSSADH (90.58%), GSMADH (92.94%) and GSPADH (91.76%) showed lower corrosion inhibition activity than compounds GSLADH, GSOTDH, GSLDIE, GSMMDO and GSMPDO. The compounds GSOTDH (99.12%) showed higher inhibition efficiency. Variation in inhibition efficiency of compounds may be due to the different nature of hydrophilic group and chain length of alkyl group. The decrease in weight loss in the presence of inhibitors is due to the adsorption of the nonionic surfactants onto the carbon steel surface, forming a protecting layer, which leads to the increase in the coverage metal area. This adsorption of inhibitors decreases the contact between the metal surface and the aggressive medium [51, 52] . All these results demonstrate that the synthesized nonionic surfactants are effective against metal corrosion (Fig. 6 ).
Conclusion
A new kind of N,N bis(hydroxyethyl)alkanamide based non-ionic Gemini surfactants have been synthesized and characterized which exhibit good surface active properties. The performance properties like emulsifying power and dispersion capability were quite better. It may be used as foaming, emulsifier and wetting agent. The prepared compounds have excellent corrosion inhibition efficiency. The experimental results have shown that synthesized surfactants effective as antimicrobial and foaming agents. They appeared to be promising and valuable non-ionic surfactants. Therefore, they may be use in the manufacturing of insecticides, pesticides, antibacterial, cosmetics as well as drugs.
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